The results of a multicentre, randomised, double-blind, placebo controlled, crossover trial of lamotrigine as add-on therapy in patients with partial seizures poorly controlled by established antiepileptic drugs (AEDs) are presented. The study consisted of two 12 week treatment periods each followed by a four week washout period. During the lamotrigine treatment phase, patients received 150 mg or 300 mg daily dose depending on their concomitant AEDs to achieve concentrations in the range 1-3 mg/L. Forty one patients were entered at four centres and all patients entered completed the study. There was a highly significant (p < 0.001) decrease in total seizure counts on lamotrigine compared with placebo. Overall, 22% of patients experienced at least a 50% reduction in the total numbers of all seizure types on lamotrigine, compared with none on placebo. When the total numbers of partial seizures (simple and complex partial) were analysed there was also a significant (p < 0.05) reduction in seizure counts on lamotrigine compared with placebo. When total numbers of secondarily generalised seizures were compared the trend for a reduction in this seizure type did not achieve significance (0.05 < p < 0.1). Concomitant AED plasma concentrations were virtually unchanged. It is concluded that lamotrigine is an effective AED in the treatment of therapy-resistant partial seizures. (7 Neurol Neurosurg Psychiatry 1993;56:448-453) Lamotrigine (3,5-Diamino-6-(2,3-dichlorophenyl)-1,2,4-triazine) is a novel antiepileptic drug (AED) chemically unrelated to the major drugs in current use. In vitro studies have suggested that lamotrigine acts at volt- The study was a multicentre, randomised, double-blind, placebo controlled, crossover trial of lamotrigine in outpatients with refractory partial seizures, as defined by the international classification.8 One of the previous crossover studies which had included 18 patients in the analysis had failed to achieve statistical significance5 and therefore it was decided that 40-50 patients should be entered into this trial to ensure the study has sufficient power to detect a drug effect. Lamotrigine or placebo was added to an existing regime of up to two established AEDs. The trial consisted of five phases ( fig  1) . Patients were considered for inclusion into the trial during an initial three month baseline period. Each treatment period of 12 weeks was followed by a four week taper/washout period. Medication was tapered over the first week of the washout period and then patients were given placebo. 
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In healthy volunteers lamotrigine was well tolerated in doses up to 240 mg/day with plasma levels of [1] [2] [3] The study was a multicentre, randomised, double-blind, placebo controlled, crossover trial of lamotrigine in outpatients with refractory partial seizures, as defined by the international classification.8 One of the previous crossover studies which had included 18 patients in the analysis had failed to achieve statistical significance5 and therefore it was decided that 40-50 patients should be entered into this trial to ensure the study has sufficient power to detect a drug effect. Lamotrigine or placebo was added to an existing regime of up to two established AEDs. The trial consisted of five phases ( fig  1) . Patients were considered for inclusion into the trial during an initial three month baseline period. Each treatment period of 12 weeks was followed by a four week taper/washout period. Medication was tapered over the first week of the washout period and then patients were given placebo. two AEDs were excluded as were patients receiving valproate alone as these patients would not fit either of the dose groups. The protocol was approved by the Institutional Ethics Committee at each Centre and all patients gave informed consent orally and in writing.
PROCEDURES
All patients had a full general physical and neurological examination together with biochemical and haematological screens and urinalysis before entry into the study. Patients were excluded if there was any abnormality on laboratory screen considered to be of clinical significance and not due to enzyme induction. Patients with any other severe organic or psychiatric disease or progressive neurological disease were also excluded.
Patients were seen at the clinic at screen and at various times throughout each treatment and taper/washout periods. At each of these visits, vital signs, seizures and any adverse experiences were recorded. Biochemistry, haematology and urinalysis together with determination of plasma AED concentrations were also carried out at most visits. In addition physical and neurological examinations were carried out at the end of each treatment period and taper/washout periods.
STATISTICAL ANALYSIS
Efficacy data For statistical analysis, the seizure counts were accumulated to give totals for each treatment phase. The totals were calculated for all seizure types, for partial (simple and complex) seizures and for secondarily generalised (tonic-clonic) seizures. The total count of all seizure types was used as the primary efficacy parameter. The total number of days during which patients experienced at least one seizure was used as a secondary measure of efficacy.
As seizure counts were not normally distributed, log transformation was performed before data analysis (log transformations were of the form log (x + 1)). A parametric analysis of variance (ANOVA) was used to test for any treatment effect, centre effect, period effect or treatment x period interaction. The initial model included centre and its interactions as terms in the model but the interactions of centre with the other factors were not statistically significant and were dropped to give reduced models which were used to compute an estimate of the drug effect and the 95% confidence intervals.
Safety data
The safety of lamotrigine was evaluated by comparing haematology, biochemistry and urinalysis parameters together with adverse experience reports for the lamotrigine and placebo treatment periods. Comparisons for laboratory parameters were made using the 95% confidence intervals as well as on the basis of the number of patients with abnormal laboratory measurements. Investigators used a general probe to elicit adverse experiences noted by the patient. Raw terms recorded by the investigator were converted to preferred terms using a modified COSTART thesaurus for the purposes of analysis. Differences between rates of occurrence of adverse experience on placebo and lamotrigine were compared using the 95% confidence interval.
Concomitant AED and lamotrigine plasma concentrations The mean plasma concentrations of concomitant AEDs were determined for each patient during each treatment period (where the AED was taken by at least six patients). Most of the samples were taken pre-dose and at the same time of day for individual patients. The differences between the mean concentrations for the two treatments were calculated and the confidence interval for the difference reported. Mean lamotrigine plasma concentrations were calculated for patients who showed a reduction in seizure count on lamotrigine and for patients who showed no change or were worse. Mean lamotrigine plasma concentrations were correlated with the mean concentration of concomitant AEDs and also with the percentage change in total seizure counts between lamotrigine and placebo treatment periods as a test of any relationship between drug concentration and clinical effect.
Results
A total of 41 patients were entered and all patients completed the study. The mean age of patients entered was 31 years with a range of 17 to 63 years. Twenty one patients were male and 20 patients were female. Aspects relating to the patients' epilepsy are summarised in table 1. From this table it can be seen that comparable types of patients were recruited to each treatment sequence group. Mean total seizure counts during the 12 week baseline period were slightly higher in the lamotrigine/placebo group but there was no significant difference in the mean total seizure counts during the study for the two groups.
EFFICACY ANALYSIS
All patients completed at least 12 weeks on lamotrigine and 12 weeks on placebo and were included in the efficacy analysis. The change in total seizure counts (the smaller total calculated as a percentage of the larger total) for individual patients were expressed as a % reduction on either lamotrigine or placebo and are presented in figure 2 for total seizures and summarised in table 2 by seizure type. For 26 out of 41 (63%) patients there was a reduction in the total number of seizures on lamotrigine with nine (22%) patients experiencing at least a 50% decrease in total seizure count. Fourteen patients (34%) were better on placebo, but none experienced 50% or greater reduction in total seizure count on placebo.
When the total of simple and complex partial seizures (Type A or B) was analysed in the same way, 20% of patients experienced at least a 50% decrease in seizures on lamotrigine compared with 3% on placebo.
Seventeen patients also experienced secondarily generalised tonic-clonic seizures during the trial. For two patients this was the only seizure type recorded. When all patients were included, nine out of 19 (47%) patients experienced a 50% or greater reduction in secondarily generalised seizures. Five (26%) patients experienced a reduction in secondarily generalised seizures on placebo and three (16%) patients had at least a 50% decrease in this seizure type. Including only patients with at least four secondarily generalised seizures per month during either the lamotrigine or placebo treatment period, the results for secondarily generalised seizures were more consistent with the effect found for simple and complex partial seizures. Five out of seven (71%) patients had fewer seizures (secondarily generalised) on lamotrigine and four (57%) of these patients experienced a 50% or greater reduction in seizures. Two patients were better on placebo but none had a 50% or greater reduction in secondarily generalised seizures on placebo. Analysis of the total number of days on which seizures were experienced between the treatment periods indicated that for 27 (66%) patients there was a reduction in the number of days with seizures while on lamotrigine and nine (22%) patients experienced at least a 50% reduction. On placebo 10 (24%) patients had fewer seizure days but the reduction was less than 50%. (table 2) ANOVA Totals of all seizure types, partial seizures (simple and complex) and secondarily generalised seizures were compared using ANOVA. Seizure counts were logarithmically transformed for the analysis of treatment effect. Data from all centres were analysed and the ANOVA model took into account any centre effect, period effect and treatment x period interaction. None of these terms were significant for the total seizure count for all seizure types or for partial seizure counts, however, there was a significant centre effect for secondarily generalised seizures (p < 0 05) probably due to the fact that there was an imbalance in the distribution of patients experiencing secondarily generalised seizures at the four centres and the fact that the overall number of patients with secondary generalisation was small. Analysis of total counts for all seizure types showed that the treatment effect was highly significant (p < 0-001) and if the total number of partial seizures (simple and complex) were analysed there was also a statistically significant treatment effect in favour of lamotrigine (p < 0.05). However, when the total numbers of secondarily generalised seizures were compared the treatment effect did not achieve statistical significance (0 05 < p < 0-10).
The total numbers of days on which patients experienced seizures were also compared using ANOVA. There was no centre effect, period effect or treatment x period interaction. There was a treatment effect with a statistically significant reduction in the number of seizure days on lamotrigine (p < 0.001).
Median reductions in seizures and confidence intervals for different seizure types were determined from the ANOVA. For all seizure types there was a median reduction of 23-9% (CI 11-5%, 34 6%). The median reduction was 20-4% (CI 5-5%, 33 0%) for the total of simple and complex partial seizures and 45-8% (CI -0-01%, 71-1%) for secondarily generalised seizures. The median reduction in seizure days was 21 8% (CI 10-7., 31-5%).
Concomitant AED plasma concentrations
The mean plasma concentrations of the main concomitant AEDs; carbamazepine (30 patients), phenytoin (16 patients) and valproate (13 patients) during placebo and lamotrigine periods were calculated together with the 95% confidence intervals for the difference between the means. There was no evidence of any change in phenytoin (16-4 mg/L on placebo and 17-0 mg/L on lamotrigine, CI -3-2, 2-0) or valproate (61-6 mg/L on placebo and 58-7 mg/L on lamotrigine, CI -3 37, 9 4) concentrations. There was a small but statistically significant reduction in carbamazepine concentration during the lamotrigine treatment period compared to placebo (7.9 mg/L vs 8-3 mg/L, CI 0-1, 0.7). This may have been due to the fact that two patients had their dose of carbamazepine reduced during the lamotrigine treatment period.
Lamotrigine plasma concentrations
The lamotrigine concentrations achieved in this study ranged from 0-66 to 4-65 mg/L using the dosing regimen based on the patients' concomitant AEDs (150 mg or 300 mg). The lamotrigine concentration was slightly higher in patients on valproate despite the fact that these patients received 50% of the dose given to patients on enzyme inducing AEDs only. The mean (SD) concentration was 1-95 (0 75) mg/L (n = 28) for patients on enzyme inducing AEDs only and 2-37 (0 72) mg/L (n = 13) for patients receiving valproate plus an enzyme inducer. The mean (SD) lamotrigine plasma concentration was higher for responders [2-2 (0 66) mg/L] than for non responders [1 8 (0-86) mg/L] but did not achieve statistical significance (p = 0-08). There was a significant correlation between mean lamotrigine plasma concentration and treatment efficacy (p < 0 05).
SAFETY ANALYSIS
There were 321 adverse event reports, involving 56 different adverse experiences reported throughout the trial. All patients reported at least one adverse experience. All but one of the 321 reports were classified as "not serious". Table 3 gives adverse events that were reported by at least 3 patients during the study. The 95% confidence intervals for the differences between the rates of occurrence on placebo and lamotrigine are given. Adverse experiences occurring during the taper period of the washout were included in the totals for the preceding treatment period.
The confidence intervals indicate that patients on lamotrigine more frequently reported dizziness than on placebo. There were also trends for diplopia and vision abnormality to be reported more frequently on lamotrigine than on placebo, but the confidence intervals just included zero. Two patients required a reduction in dose while receiving lamotrigine because of adverse experiences, namely dizziness, headache and vomiting. There was no evidence that the lamotrigine plasma concentration was particularly high in these patients.
Six patients developed some form of rash during lamotrigine treatment. In two cases the rash was moderate in intensity and in the other cases it was considered mild. None of the rashes were considered severe. In two cases the rash was described as maculopapular and was observed 2 weeks after the start of the lamotrigine treatment period. Both of these rashes resolved without stopping lamotrigine. In the other cases the rash was reported 4 to 12 weeks after the start of the lamotrigine treatment period.
One serious adverse experience was reported for a patient who developed a CSF leak after a skull fracture due to a seizure which required surgical repair. This occurred when the patient was receiving placebo.
The median difference and 95% confidence intervals were calculated for all biochemistry and haematology parameters and there was no indication of any significant difference between lamotrigine and placebo periods. There was also no evidence of any effect of lamotrigine treatment on blood pressure, heart rate or body weight.
Discussion
In this multicentre, randomised, doubleblind, placebo controlled, crossover study, the addition of lamotrigine was associated with a significant reduction in the number of seizures experienced by patients with focal epilepsy (localisation-related epilepsy6) refractory to established AEDs. Concomitant AED plasma concentrations were monitored throughout the trial. The most common drugs were carbamazepine (n = 30), phenytoin (n = 16) and valproate (n = 13). While there was no effect of lamotrigine on levels of phenytoin and valproate there was a small but significant reduction in the mean carbamazepine concentration while patients were receiving lamotrigine. This was not noted in previous studies and may have been due to the fact that two patients in this study had their carbamazepine dose reduced while receiving lamotrigine. The decrease in the carbamazepine dose, however, does not confound the observed lamotrigine effect. This particular study demonstrated a correlation between lamotrigine plasma concentration and clinical response when expressed as a percentage reduction in total seizures. This has not been found in general in the other studies. Only the study by Loiseau et al, which used fixed doses, found a similar relationship.7 Previous studies have used "blinded" investigators who titrated the lamotrigine dose in individual patients to achieve plasma concentrations in the predicted target range 1-3 mg/L.A The study reported here used standard doses depending on the patients concomitant AEDs and probably gave rise to wider inter-individual variability in lamotrigine plasma concentrations. Thus it was more likely that a concentration effect relationship could be demonstrated in this study if it exists. One confounding factor which should be considered was that patients on valproate tended to have higher plasma levels than patients on enzyme inducers only, and it is possible that factors other than the lamotrigine concentration are responsible for these patients' greater response. It is also interesting that of the previous completed trials the one showing the greatest response reported one of the lowest mean lamotrigine concentrations (1-5,ug/mL).4
Lamotrigine was generally well tolerated in this study and no patients were withdrawn due to adverse experiences. The most commonly reported adverse events on lamotrigine were ataxia, rash, dizziness, nausea, headache and vomiting. In two cases the investigator reduced the trial medication dose (headache and vomiting; dizziness). The incidence of rash was a little higher on lamotrigine than on placebo but this was not significant. Two patients developed a maculopapular rash (one was mild the other moderate) approximately two weeks after starting lamotrigine. In both cases the rash resolved without stopping lamotrigine. Two patients had their carbamazepine dose reduced while they were on lamotrigine due to adverse events. There did not appear to be an increase in the carbamazepine concentration and examination of a subset of patients showed no change in the epoxide metabolite at steady state. It is not possible to rule out a transient effect of lamotrigine on the epoxide metabolite. Comparison with placebo indicated that more patients reported dizziness on lamotrigine than on placebo. There was no evidence of any effect of lamotrigine on the haematological or biochemical parameters monitored.
This study has confirmed results obtained previously in controlled, crossover trials that lamotrigine is an effective antiepileptic drug in the treatment of patients with therapyresistant partial seizures and is well tolerated when given in addition to up to two other established AEDs.
